The gut microbiome is essential to human health. However, little is known about 29 the influence of the environment versus host-related factors (e.g. genetic 30 background, sex, age, and body mass) in the formation of human intestinal 31 microflora. Here, we present evidence in support of the importance of host-32 related factors in the establishment and maintenance of individual gut 33 assemblages. We collected fecal samples (n = 249) from 44 Korean naval 34 trainees and 39 healthy people living in Korea over eight weeks and sequenced 35 the bacterial 16S rRNA genes. The following hypotheses were tested: 1) 36 microbiome function is linked to its diversity, community structure, and genetic 37 host-related factors, and 2) preexisting host-related factors have a more 38 significant effect on gut microbiome formation and composition than 39 environmental factors. For each individual, the difference between the initial gut 40 microbiota and that after eight weeks was negligible even though the 44 naval 41 trainees lived in the same area and received the same diet, the same amount of 42 exercise, and the same amount of physical stress during the study. This suggests 43 that host-related factors, rather than environmental factors, is a key determinant 44 of individual gut microflora. Moreover, eight weeks of physical training and 45 experiencing the same environmental conditions resulted in an increase in the 46 species Bifidobacterium, Faecalibacterium, and Roseburia in most trainees, 47 57
48
IMPORTANCE In order to understand the role of human gut microbiome, it is 49 important to know how individual's gut microbiota are formed. In this study, we 50 tested the host-related factors versus environmental factors to affect gut 51 microbiome and found that the former have a more association. However, we 52 also found that the controlled environment give an effect on the gut microflora as 53 well. This study provides preliminary evidence that differences in the formation 54 and diversity of gut microbiota within a population could be determined by host-55 related factors rather than environmental factors.
56
Introduction microorganisms play a fundamental role in nutrient metabolism by converting dietary 81 components that escape digestion and polymers excreted by the host into easily 82 accessible nutrients and other compounds, such as vitamins (22) . Moreover, gut 83 microbiota regulate host immune system interactions. For example, Bacteroides fragilis 84 induces a specific IgA response that is dependent on commensal colonization factors 85 regulation of surface capsular polysaccharides and enhances epithelial adherence (23) . 86
Considering that the in vivo production of IgA is necessary for single-strain stability, 87 mucosal colonization, and epithelial aggregation, this bacterial influence on the host 88 immune system is vital. Adaptive immunity has evolved to rely on an intimate 89 association with members of the gut microbiome (23). 90
Due to host-bacterial mutualism, humans have not needed to evolve some 91 metabolic pathways, such as the ability to harvest otherwise inaccessible nutrients (24). 92
Therefore, investigating factors that influence the diversity and composition of the 93 human gut microbiota increases our understanding of how these communities are 94 structured, and to predict their response to environmental change. Microbial 95 establishment in the human intestine begins at birth. Subsequently, the intestinal 96 microflora continues to develop through successive microbial communities, until the 97 microbial climax community colonizes the intestine. Moreover, due to co-evolutionary 98 interactions, microbes undergo further functional modifications (24). However, the 99 initial gut microbiome of an infant at birth is similar in composition to the mother's 100 (25). In addition to environmental and genetic factors (26-29), other factors, including 101 lifestyle, diet, stress, and probiotics (30-32) have also been implicated in controlling the 102 establishment of gut microbiota. However, it is still poorly understood whether 103 environmental or host-related factors play a dominant role in shaping the human gut 104 microbial community. 105
Most gut microbiome studies to date have focused on Westerners (mostly 106
Europeans and North Americans); therefore, there is a gap in our knowledge about the 107 gut microbiota of people from other parts of the world (33). In this study, we used next-108 generation sequencing of bacterial 16S rRNA genes to analyze the intestinal bacterial 109 community in South Korean naval trainees during a time when the trainees were 110 experiencing relatively similar environmental conditions. 111
Our first objective was to determine whether host-related factors are linked to 112 the community structure and diversity of the intestinal microbiota of naval trainees. 113
Given the broad range of interactions that are commonly associated with gut microbiota, 114 we aimed to identify key functional processes. Glendinning and Free suggested that 115 these functions could range from providing additional metabolic functions to 116 modulating the immune system (34). Our second objective was to determine whether 117 preexisting host-related factors have a more significant effect on the formation and 118 composition of the intestinal microbial community than environmental factors. Turpin 119 et al. suggested that almost one-third of fecal bacterial taxa in the intestine are heritable 120 (35). Furthermore, ecological concepts like dispersal, species diversity and distribution, 121 community assembly and contamination, and genetic makeup may influence the 122 formation, development, and maintenance of the gut microbiota. Through this objective, 123 we sought to investigate which set factors, host-related or environmental, exerts a more 124 significant influence on the composition of the gut microbiota. 125
Results 126
The aim of our study was to determine whether host-related background or 127 environmental factors play a more significant role in the formation and diversity of the 128 intestinal microbial community. Therefore, we first identified the composition of the 129 intestinal microbial communities of the OCS trainees, who had different host-related 130 and environmental backgrounds, on the day they were admitted (T = week 0). After 131 living together for eight weeks at the naval OCS and being exposed to the same 132 environmental conditions (e.g., same diet, same physical exercise, and same sleeping 133 regimes), their intestinal microbial communities were reanalyzed at T = 4 weeks and T 134 = 8 weeks. As a control sample, intestinal microflora samples from healthy Koreans 135 with different host-related and environmental backgrounds were also analyzed. 136
Theoretically, if the host-related background is more significant in determining the 137 intestinal microbiota, the initial composition and diversity of microbial communities of 138 naval trainees would be maintained, with negligible differences between samples 139 collected at the beginning and end of the experimental period, and samples would 140 remain equally distant from each other ( Figure 1a ). However, if environmental factors 141 are more significant in shaping the intestinal microbiota, then the composition of 142 microbial communities would shift, the bacterial compositions between samples would 143 become similar, and PCoA plots would show clustering of samples ( Figure 1b Table 2) . Alpha diversity was also calculated before admission to the navy 170 center and was significantly higher in the experimental group than in the control group 171 ( Figure 2c One host-related factor (age) and some environmental factors, including regular 255 exercise and exercise time, and sleep time, showed significant differences between the 256 experimental and control groups ( Table 1 ). In the case of the experimental group, we 257 propose that these differences are because the subjects were enlisted as military officer 258 candidates. Alpha diversity was significantly higher in the experimental group than in 259 the control group (Figure 2c (Figure 3b ). Bacterial diversity showed the same pattern as 279 community composition, with no significant changes at the end of the experimental 280 period ( Figure 3b ). Together, these findings suggest that genetically-driven intrinsic 281 factors exist that may organize the gut microbiota structure and participate in the 282 formation of the microbial community. Although the cause-and-effect relationships 283 behind these links have yet to be elucidated, host genetics does have an impact on host 284 health (43). Although our results showed that the environmental influence on the gut 285 microbiota in our cohort is limited, we suggest that greater interaction between genetic 286 and environmental factors exists, which may contribute to the genetic influence 287 observed in this study. Small fat increases (67). In our results, carbohydrate intake significantly decreased after 360 training, but the abundance of Roseburia showed an opposite pattern. We propose that 361 the increased fiber intake during training produced these results. Recently Ruminococcus gnavus and R. torques are reported to be associated with 389 allergic diseases, Crohn's disease in infants, and autism spectrum disorders (80-82). 390
Overall, the increases in Bifidobacterium, Faecalibacterium, and Roseburia observed in 391
our study indicate an improvement in the health of the intestinal environment. The 392 effects of dietary changes on gut metabolism due to the strict naval training regime that 393 the subjects of this study followed may have caused the proliferation of these bacterial 394 taxa. This has previously been noted by Thomas where they were stored at −80 °C until DNA extraction. 429
Data Collection 430
Participants were asked to complete a self-administered questionnaire to collect 431 demographic, lifestyle, and physical activity data at weeks 0, 4, and 8. Dietary 
Sequence processing 468
Raw FASTQ files were processed using QIIME version 1.9.1 84 and quality filtered with 469 Trimmomatic (85) using the following criteria: MINLEN:250 CROP:250. After 470 chimera removal, all sequences were clustered into operational taxonomic units (OTUs) 471 at 97% identity and classified against the SILVA database (v132) for 16S rRNA genes 472 using the VSEARCH pipeline. To correct for differences in the number of reads, which 473 can bias downstream analyses estimates, all samples were rarefied at an even 474 sequencing depth of 7,331 reads per sample. 475
Statistical analysis 476
Alpha and beta diversities and phylogenetic diversity were calculated in QIIME. PCoA 477 plots were generated using the weighted UniFrac distance to visualize the beta diversity. 478 CALYPSO software was used for the interpretation and comparison of taxonomic 479 information from 16S rDNA datasets (Davenport, 2016) . The D'Agostino-Pearson 480
Omnibus test was used to determine the distribution of data in RStudio 1.0.153 481 (https://www.rstudio.com/). 482
The Pearson chi-square test or Fisher's exact test was used to compare 483 categorical variables. Statistical analysis was performed by repeated-measures one-way 484 analysis of variance (ANOVA), ordinary one-way ANOVA, Friedman, and Kruskal-Software, San Diego, CA). 490
Data were tested to determine whether diversity indices and relative abundances 491 of taxonomical groups were significantly different between samples collected at 492 different time points. Variations in the composition of microbial communities were 493 analyzed using the adonis function (a nonparametric method that is analogous to 494 ANOVA) with a weighted UniFrac distance and 999 permutations. All analyses were 495 performed using the "vegan" package in RStudio 1.0.153 (https://www.rstudio.com/). 496
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